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Enterovirus-71 (EV-71) belongs to Picornavirus family. EV-71 is a major cause of Hand, foot 
and mouth disease (HFMD) and can lead to stem cells encephalitis and other central nervous 
system complications (CNS) with fatal outcomes in children. There is no vaccine or antiviral 
agent to effectively prevent and treat EV-71 infection. The genome of EV-71 encodes a single 
large open reading frame for a polyprotein precursor. Cleavages of the polyprotein produce 
viral functional proteins for the viral replication. These cleavages are mediated by two viral 
protenaises namely, 2Apro and 3Cpro. 2Apro cleave the structural proteins from the 
non-structural proteins. In addition it also cleaves the eukaryotic translation initiation factor 
4G (eIF4G) and other host factors. Due to its unique structure and functions 2Apro has been 
viewed as excellent target for antiviral intervention. It is of great importance to characterize 
the structure of this protenaise. Here we determined three-dimensional structure of 2Apro from 
EV-71 to 1.70 Å resolution. A fusion protein was expressed in E.coli by using plasmid 
pGEX4T-1 with high yield. Affinity chromatography technique was used to purify the fusion 
protein. The GST-tag was removed by thrombin and 2Apro was purified by gel 
chromatography. Diffracting crystals were obtained after screening about 1000 different 
conditions and data sets were collected by Mar345 desk top beam line X-rays diffraction 
system having Rigaku X-ray generator. The EV-71 2Apro structure was determined by 
molecular replacement. The availability of high resolution EV-71 2Apro sets the foundation for 
structure-based development of therapeutics against the deadly diseases. 
 



















肠道病毒 71 型（Enterovirus-71, EV-71)属于小核糖核酸病毒科。EV-71 是手足口病（Hand, 
foot and mouth disease，HFMD)的主要病因，也能导致干细胞脑炎和其他中枢神经系统
并发症（central nervous system complications，CNS)，最终可能在儿童中引起致命的结
果。目前还没有能有效预防和治疗 EV-71 感染的疫苗或抗病毒药物。EV-71 的基因组只
有一个大的开放阅读框，编码一个多聚蛋白前体。对这个多聚蛋白前体进行切割产生的
功能性蛋白对病毒的复制有重要作用。这些切割是由两个病毒蛋白酶介导的，这两个酶
分别叫做 2A 蛋白酶（2Apro）和 3C 蛋白酶（3Cpro）。2Apro 能够从非结构蛋白中切出结
构性蛋白，另外，此蛋白酶也能切割真核翻译起始因子 4G（eukaryotic translation initiation 
factor 4G，eIF4G)及其他宿主因子。因为具有单一的结构和功能特征，所以 2Apro 被认
为是抵抗 EV-71 病毒的一个优良靶点。因此，解析这个蛋白酶的结构具有重要意义。本
文中，我们在 1.70 Å 的分辨率下解出了一颗 EV-71 病毒 2Apro 晶体的三维结构。我们首
先将 2Apro 构建到 pGEX-4T-1 载体中并在 E.coli 中得到了高产量表达的带 GST 标签的
融合蛋白。使用亲和层析技术纯化融合蛋白后，利用凝血酶 thrombin 切除 GST 标签，
进一步使用凝胶过滤层析技术纯化得到了重组蛋白。在筛选了大约 1000 多个结晶条件
并对有效条件进行了进一步优化后，获得了用来衍射的蛋白晶体。使用 Mar345 桌面光
束 X 射线衍射系统和 Rigaku X 射线发生器对晶体进行衍射并收集数据。利用分子置换
法解析出 EV-71 病毒 2Apro 的结构。这个高分辨率的 EV-71 型 2Apro 的结构给基于结构
学的抗 EV-71 病毒导致的致死性疾病的治疗技术的开发提供了坚实的基础。 
 















1.1 Introduction to Picornaviruses 
A Picornavirus is a virus belonging to the family Picornaviridae. It has a long history of 
virulence both in human and other animals. The name Picornavirus is derived from pico, 
meaning small and RNA referring to the ribonucleic acid nature of the genome. All of 
Picornaviruses are non-enveloped positive-stranded RNA viruses with an icosahedral Capsid. 
The genome of Picornaviruses is about 7.2 to 9.0 Kb in length and their virions are 20-30nm 
in diameter. The genomic RNA of  Picornaviruses is unusual because it has a covalently 
linked protein on its 5' end of genome that is supposed to be used as a primer for transcription 
by RNA polymerase. Infections with these viruses may be symptomatic or asymptomatic. 
The diseases caused by this family includes common cold, diarrhea, rashes, hand, foot and 
mouth disease (HFMD), acute hemorrhagic conjunctivitis, aseptic meningitis(CNS), 
myocarditis, severe neonatal sepsis-like disease, and acute flaccid paralysis and others [1]. 
 
Picornaviruses are the subject of many important discoveries in the modern virology. The 
first animal virus discovered was Foot and mouth disease virus (FMDV) [2], belongs to 
Picornaviridae. The first three-dimensional structures determined for animal viruses are from 
the Poliovirus and Rhinovirus. A series of methodologies that are vital in virus research were 
established with Picornaviruses such as, plaque assay, assay for RNA dependent RNA 
polymerase. The first infectious DNA clone of animal RNA virus was that of poliovirus [3].   
 
Picornaviridae has nine genera and each genus contains different species. Each species is 
associated with several different numbers which are distinct antigenically as serotypes. 
Serotypes correlates with the immunologic response of the mammalian host. The genera and 
species of Picornaviruses are shown in Table 1.1. 

















Table 1.1 Classification of Picornaviruses（* signifies species) 
                                                            
              
Source: Wikipedia Encyclopedia               
 
Genus Species  Serotypes 
Bovine enterovirus Bovine enterovirus (BEV) 1 and BEV-2 
Human enterovirus A 21 types including some coxsackie A and EV-71.
Human enterovirus B 57 types including enteroviruses, coxsackie B 
viruses, echoviruses, and swine. 
Human enterovirus C 14 types including some coxsackie A and EV. 
Human enterovirus D  EV-68, EV-70, EV-94 
Poliovirus * Poliovirus (PV) 1, PV-2 and PV-3 
Porcine enterovirus A Porcine enterovirus (PEV) 8 
Porcine enterovirus B PEV-9 and PEV-10 
Enterovirus 
Simian enterovirus A Simian enterovirus (SEV) A1 
Human rhinovirus A * 74 serotypes 
Rhinovirus 
Human rhinovirus B 25 serotypes 
Hepatovirus Hepatitis A virus * Hepatitis A virus， Avian encephalomyelitis  
Cardiovirus Encephalomyocarditis virus* Encephalomyocarditis virus and (EMCV).(TMEV) 
Aphthovirus Foot-and-mouth disease * O,A,C, S.Afr.Terri (SAT)1,SAT2,SAT 3 and Asia 1
Parechovirus Human parechovirus * 
Human parechovirus (HPeV) 1, HPeV-2, HPeV-3, 
HPeV-4, HPeV-5, HPeV-6 
Erbovirus Equine rhinitis B virus * Equine rhinitis B virus (ERBV) 1, ERBV-2, ERBV-3
Aichi virus * Aichi virus (AiV) 
Kobuvirus 
Bovine kobuvirus Bovine kobuvirus (BKV) 
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